The volatile oil composition and anti-acetyl cholinesterase activity were analyzed in two specimens of Marlierea racemosa growing in different areas of the Atlantic Rain Forest (Cananéia and Caraguatatuba, SP, Brazil). Component identifications were performed by GC/MS and their acetyl cholinesterase inhibitory activity was measured through colorimetric analysis. The major constituent in both specimens was spathulenol (25.1% in Cananéia and 31.9% in Caraguatatuba). However, the first one also presented monoterpenes (41.2%), while in the Carguatatuba plants, this class was not detected. The oils from the plants collected in Cananéia were able to inhibit the acetyl cholinesterase activity by up to 75%, but for oils from the other locality the maximal inhibition achieved was 35%. These results suggested that the monoterpenes are more effective in the inhibition of acetyl cholinesterase activity than sesquiterpenes as these compounds are present in higher amounts in the M. racemosa plants collected in Cananéia.
Recent studies demonstrate the ability of terpenoids found in several volatile oils to inhibit acetyl cholinesterase (AChE) activity [1] . The application of AChE inhibitors is currently the only approved therapy for enhancement of central cholinergic function in patients with Alzheimer's disease, in order to compensate their deficiency in central nervous system functions [2] . Myrtaceae species are known as producers of volatile oils and they have been investigated for numerous biological activities such as anti-inflammatory, analgesic, antifungal and antimicrobial [3] . Although Myrtaceae is considered the dominant family in the Brazilian Atlantic Rain Forest, there is still little scientific information about the chemical composition and biological activities of their volatile oils. The known as "uvapurama". Decoctions of its roots, stem barks and seeds have been used in traditional medicine as a diuretic and for the treatment of fevers and liver infections [6] .
The volatile oil yield was 0.05% for the Cananéia specimen and 0.09% for the Caraguatatuba one. The chemical composition of both oils is presented in Table 1 . Spathulenol was the major constituent of both specimens (25.1% in Cananéia and 31.9% in Caraguatatuba). However, the volatile oil of the first specimen presented relatively high amounts of monoterpenes (41.2%), while in the Caraguatatuba plants this class was not detected. The most abundant monoterpenes in the Cananéia plants were p-mentha-1,5-dien-8-ol (6.6%) and α-pinene (4.6%).
Differences between the two sampling localities were also observed in the AChE inhibitory activity (Figure 1 ). The volatile oils from the plants collected in Cananéia were able to inhibit AChE activity by up to 75% with an IC 50 of 65.2 μg/mL while for the oils from Caraguatatuba, the maximal inhibition achieved was 35%. These results might be explained by the differences in the oil composition, mainly by the high concentrations of monoterpenes in the Cananéia sample. The structure-activity relationship for AChE inhibition has already been studied for some monoterpenoid compounds. Among those with a p-menthane skeleton, ketones showed stronger inhibition than alcohols and hydrocarbons. Bicyclical monoterpenes, such as α-pinene and (+)-3-carene, have been demonstrated as potent inhibitors but, in this class, the presence of oxygenated functional groups decreased the AChE inhibition [1, 7, 8] . In the Cananéia sample, these monoterpene skeletons are present with the structural requirements for higher anti AChE activity. On the other hand, the sesquiterpene alcohols viridiflorol and elemol have Anticholinesterase activity of volatile oil of Marlierea racemosa Natural Product Communications Vol. 4 (8) 2009 1145 also been considered as strong AChE inhibitors, with IC 50 values of 25 and 34 µg/mL, respectively [7] . The low activity found for the Caraguatatuba sample might indicate that spathulenol, an isomer of viridiflorol, the main compound in this sample, did not present a strong AChE inhibitory activity.
The inhibitory activity of an essential oil results from a complex interaction between its terpenoid constituents, with both synergistic and antagonistic responses [9] . The obtained results suggested that the monoterpenes are more effective in the inhibition of AChE activity than sesquiterpenes, as the plants richer in this class presented higher activity. Additionally, as the IC 50 of 62.2 µg/mL obtained for the total oil containing monoterpenes was similar to that obtained for α-pinene alone (54.4 µg/mL) [1] , the M. racemosa monoterpenes, and probably also the sequiterpenes, possess a synergistic type of interaction. 
Experimental

Volatile oil extraction:
The essential oils were obtained from the leaves dried at room temperature by hydrodistillation for 3 h in a Clevenger-type apparatus. The oils were collected, dried over anhydrous sodium sulfate, weighed and then stored at -25 o C until tested.
Gas chromatographic-mass spectral analysis:
For component identification, the essential oils were submitted to gas chromatography and mass spectrometry (GC/MS) analysis, performed using an Agilent GC (6890 Series) -quadrupole MS system (5973), with a fused silica capillary column (30 m x 0.25 mm x 0.25 µm, coated with DB-5), EI operating at 70 eV. Injector and detector temperatures were set at 250 o C. The oven temperature program was 40°C for 1 min, and then 40-240 o C at 3°C.min -1 ; helium was employed as carrier gas (1 mL/min). The compound identification was performed by comparing retention indices [Kóvats Index (KI), determined relative to the retention times of a series of n-alkanes) and mass spectra with literature data [10] .
Acetyl cholinesterase activity by microplate assay:
The enzyme was measured using a 96-well microplate reader [11] based on Ellman's method [12] . In this, the enzyme hydrolyzes the substrate acetylthiocholine resulting in the production of thiocholine, which reacts with 5,5'-dithio-bis(2nitrobenzoic acid) (DTNB, Sigma Chemical Co.) to produce 2-nitrobenzoate-5-mercaptothiocholine and 5-thio-2-nitrobenzoate, which can be detected at 405 nm. In the 96-well plates, 25 μL of 15 mmol/L acetylthiocholine iodide (ATCI, Sigma Chemical Co.) in water, 125 μL of 3 mmol/L DTNB in buffer C, 50 μL of buffer B, and 25 μL of essential oil (30 mg/mL essential oil, diluted in MeOH, were dissolved in buffer A to give a concentration of 600 μg/mL to 4.68 μg/mL/ microplate well) were added and the absorbance was measured, three times, at 405 nm every 30 s. Then 25 μL of 0.22 U/mL acetyl cholinesterase (AChE, Sigma Chemical Co.) was added and the absorbance was again read, two times, every 10 min. Any increase in absorbance due to the spontaneous hydrolysis of the substrate was corrected by subtracting the rate of the reaction before the addition of the enzyme from the rate of the enzyme reaction. The percentage of inhibition was calculated by comparison of the rates for the sample with a blank (10% MeOH in Buffer A). The following buffers were used. Buffer A: 50 mmol/L Tris-HCl, pH 8; buffer B: 50 mmol/L Tris-HCl, pH 8, containing 0.1% bovine serum albumin V fraction (Sigma Chemical Co.); buffer C: 50 mmol/L Tris-HCl, pH 8, containing 0.1 M NaCl and 0.02 mol/L MgCl 2 .6H 2 O. The quantitative results of AChE inhibition were represented as means of one typical experiment performed in triplicate. The values were analyzed with the program GraphPad Prism Software, San Diego CA, version 3.0.
